In previous reports2q3 we have shown how, in favourable circumstances by slow interdiffusion, crystals of the heterobimetallic adducts formed between tris(N,N-disubstituted dithiocarbamato)cobalt(m), [Co(S,CNR,)J, and copper(1) halides, CuX, may be obtained and characterized by single-crystal X-ray methods. Dimeric CuX,Cu units may be 'chelated' between the upper and lower S, planes of the cobalt environment by the coordinately unsaturated sulphur atoms. In this manner, depending on whether one, two, or all three of these co-ordination sites are employed, examples of each of 1 : 1, 1 : 2, and 1 : 3 [Co(S,-CNR,),] : CuX stoicheiometry have been obtained as dimeric, one-dimensional, or three-dimensional polymers respectively. More recently, however, we have found that further novel stoicheiometries may be achieved by variation in the oligomeric nature of the copper halide bridging moiety. Here we show that the 1 : 3 stoicheiometry may also be achieved in a linear polymer form by use of a cyclic Cu,I, bridging unit, the present representative being [Co { S ,CN(CH 2)4} ,]-3CuBr*MeCN, (1); an even more unusual 2:5 species is obtained in 2[Co(S,CN-Bu",),]-SCuI, (2), in which 'displaced step' Cu616 bridges are found. The synthesis and structural characterization of both is described.
Experimental
Crystals of both derivatives were prepared by the same general techniques, the slow interdiffusion of layered, very dilute solutions of the copper(1) halide with the parent cobalt(1ii) dithiocarbamate complex. For complex (1) this reaction was carried out in a Schlenk apparatus under argon with acetonitrile solutions to give well formed black crystals (Found: C, 21.5; H, 2.9; N, 5.7. Calc. for C,,H,,Br,CoCu3N,S6: C , 21.1; H, 2.8; N, 5.8%). For (2) the reaction was carried out under ambient conditions with CuI dissolved in acetonitrile and the dithiocarbamate complex in dichloromethane, to give a very few small well formed crystals on evaporation of the solvent to dryness, together with unreacted CuI. The crystals decomposed without melting at 20&-300 "C and are air-stable for a period of days.
Structure Determinations.-Unique data sets were measured at ca. 295 K using four-circle diffractometers in conventional 20-0 scan mode [monochromatic Mo-K, radiation sources (h 0.7106, A)]. Within the specified 20,,,, limit, N independent reflections were obtained (no decomposition), No with I > 30(I) being considered 'observed' and used in the large-block leastsquares refinement after gaussian absorption correction and Abnormalfeatures. For complex (1) the data were limited in scope and C, N thermal parameters were refined with the isotropic form. For (2) one of the n-butyl substituents is disordered. Data collection terminated at h -16 (ca. 90% of total) due to machine failure.
Additional material available from the Cambridge Crystallographic Data Centre comprises H-atom co-ordinates, thermal parameters, and remaining bond distances and angles.
Discussion
The results of the structure determinations are consistent with the stoicheiometries ascribed. as above; in each case the asymmetric unit of the structure is the formula unit. .28 8, here) . Here the difference is only 0.01 A, and the precision of the determination is such that its significance is Cu616. This first of all links the dimeric units in a continuous one-dimensional strand, by means of Cu( 1) and Cu(3) chelation, but simultaneously a pair of these strands is cross-linked so that the result is a double-stranded species. We know of no precedent for the Cu616 unit; the Cu,X, 'step' unit is familiar in a variety of complexes of Group 11 base adducts, both unidentate and more complex, and its extension to the infinite 'stair' arrays found in many 1 : 1 nitrogen base adducts is well known. Both types of array are generated by the linear addition of appropriate sequences of CuX units to a CuX,Cu dimer; much less common are arrays in which C u X units are added not linearly, but at right angles, as in the 1 : 1 adduct of copper chloride with methyl isocyanide,' the 'displaced stair' polymer, still one-dimensional. The present array may be considered representative of the basic constructional unit of this type of polymer, and may also be compared with the extended step Cu616 and Cu818 motifs found in the 1 :0.5 adduct of copper(1) iodide with benzonitrile,8 which are linear. Table 5 . Geometry of the copper iodide system in complex (2); distances in A, angles in
